Allowance trading programs represent an opportunity for the renewable and energy-efficiency industry to capitalize on the environmental benefits associated with their projects. By reducing or preventing emissions, renewable and energy-efficiency projects may qualify for emission allowances that can help sponsors justify their projects.
INTRODUCTION
The generation of electricity and the production of thermal energy through the burning of fossil fuels result in the emission of pollutants into the atmosphere. Some concerns resulting from the emissions of pollutants are:
Climate change caused by greenhouse gases (GHG) -composed primarily of carbon dioxide, methane, and nitrous oxide Acid deposition or acid rain -occurs when emissions of sulfur dioxide and oxides of nitrogen combine in the atmosphere Smog -composed primarily of ground-level ozone, which is a gas that is created when nitrogen oxides (NOx) react with other chemicals in the airespecially in the presence of strong sunlight Heavy metal toxic pollution -mercury is one of these toxic pollutants of current concern and increasing regulation Efficiency and renewable energy projects reduce emissions by lowering the demand for fossil fuels used in the production of electricity or thermal energy. Unfortunately, the quantification of emission reductions is not often a straightforward process. Historically, emission reduction has been described subjectively as a nonquantified benefit. With the advent of emission trading programs, there is now an opportunity to document and monetize the benefits associated with emission reduction.
The conventional approach to emission control, often termed "command and control" involves a regulatory agency setting emission limits for certain industries or processes and/or requiring the use of certain control technologies. A new approach has become popular over the last decade -the "cap and trade" system. Cap and trade systems involve a regulatory authority setting an allocation of allowances for existing emission sources and perhaps some for growth 1 . One allowance authorizes the emission of a fixed amount of a pollutant. The total supply of allowances, the "cap", determines the total amount of allowable emissions. Setting the cap at a level lower than current emissions and/or reducing the number of allowances each year requires all emitters in the controlled region, as a whole, to progressively reduce emission levels.
with creating a credible documentation and verification process involve balancing the cost, effort and rigor of various approaches with the value of the information generated by the efforts. Ideally the evaluation process for calculating emission allowances will have the following characteristics:
Consistent. Agreed upon rules are applied objectively and automatically so that allowances generated from any project are as valid as those generated from any other project. Fungible. Transactions have minimal constraints once the allowances have been established irrespective of the source of the allowances [2] . Complete, accurate and transparent. Allowance calculations can be verified by an independent party throughout the term of the allowances validity to a level of accuracy appropriate for the trading system. Balanced in risk management, rigor and costs. The level of effort expended in the evaluation process is appropriate for the value of the allowances and their savings uncertainty.
EMISSIONS REDUCTION PROGRAMS Background
Through voluntary programs, such as Energy Star, EPA 2 has shown that energy efficiency and renewable energy resources are an effective means of preventing or reducing emissions while increasing economic benefits. Many economic studies have recognized that energy efficiency and renewable energy investments provide broad societal benefits, both economic and environmental, that are not all rewarded in the revenue streams derived by investors in these projects. A major study by the U.S. Department of Energy [3] also shows that accelerated adoption of the energy efficiency is an essential, economically sound means to reduce emissions while developing the U.S. economy. However, historically the emission reductions from energy efficiency and renewable energy have not been formally recognized in air quality planning processes. The NOx SIP Call Program described next provides a specific opportunity to recognize and monetize some of the pollution reduction benefits of efficiency and renewable energy projects.
NOx SIP Call
The Clean Air Act requires states that fail to meet the national air quality standards to develop air quality plans (also known as state implementation plans -SIPs) that contain provisions to prevent facilities or sources from contributing significantly to air pollution problems. In September 1998, EPA promulgated a rule to address regional transport of ground level ozone, which is the main component of smog. Ground-level ozone is transported by the wind, and tends to be a problem over broad regional areas, particularly in the eastern United States. 2 
United States Environmental Protection Agency
The final EPA rule, commonly known as the NOx SIP Call, requires several eastern states and the District of Columbia to submit air quality plans that address the regional transport of ground-level ozone through reductions in NOx emissions. The NOx SIP Call established an optional method for states to comply with the requirements through a NOx allowance trading system. One allowance authorizes the emission of one ton of NOx. The EPA allocated a specific number of allowances per year to each state.
Allowances may be bought, sold or traded in a market-based program between the affected sources and other private parties. Trading allows industry flexibility while ensuring that overall emissions are reduced. For example, if one company finds the cost of reducing emissions to be relatively low, it may be able to reduce its emissions more than required. That company then could sell or trade "allowances" it does not need to a company for which controlling emissions would be more expensive.
The Efficiency and Renewable Energy Set-Aside
As part of the NOx SIP Call, EPA provided guidance to states interested in developing an energy efficiency/renewable energy set-aside. The Set-Aside is a pool of NOx allowances that are used to reward energyefficiency and renewable-energy projects that reduce electricity generation. The allowances for a set-aside must come from within the state's total allowance allocation to ensure that the state does not exceed its NOx cap. The EPA has included an energy efficiency and renewable energy set-aside in the NOx Budget Trading Program in order to reward and recognize the benefits of renewable energy and energy efficiency programs.
States which choose to incorporate a set-aside into the NOx Allowance Trading Program can expect to realize economic benefits as a result of reduced electricity consumption and reduced need for expenditures on pollution control equipment, both of which can lead to lower electricity rates. These projects lead directly to job creation and growth in gross state product. The assessment of this level of energy efficiency and renewable energy deployment shows that these benefits will accrue to three stakeholder groups: electricity consumers, electric generators, and the state economy at large.
To date, six states have developed efficiency/renewables Set-Aside Programs as part of their NOx SIP Call programs. These states are Indiana (1,115 NOx allowances -2% of their trading program budget), Maryland (436 NOx allowances -3%), Massachusetts (643 NOx allowances -5%), New Jersey (410 NOx allowances -5%), New York (1,241 NOx allowances -3%), and Ohio (495 NOx allowances -1%). EPA has issued final approvals for all of these States SIP submittals. While these State's set-aside percentages may not seem high they represent the ozone season output of about five, 500 MWe, power plants 3.
DOCUMENTATION AND VERIFICATION OF ALLOWANCES Background
For efficiency and renewable projects the overall documentation and verification, or evaluation process, involves two steps: (a) determining energy savings and (b) determining emission reductions associated with energy savings. Energy savings are converted to emission reductions through the use of emissions factors, for example "X" pounds of carbon per kWh of energy production. Determining energy savings is what the efficiency industry terms "measurement and verification" or M&V.
Measurement and Verification (M&V)
M&V for energy efficiency projects has been an evolving art and science since the late 1970's, when it was performed on ad-hoc, case-by-case bases with no available standards. Since that time, numerous M&V guidelines have been promulgated. The most popular of which are the FEMP M&V Guidelines [5] , ASHRAE Guideline 14 [6] , and the most well known, the International Performance Measurement and Verification Protocol (IPMVP) [7] . The IPMVP was developed with sponsorship of the U.S. Department of Energy and is currently managed by a non-profit organization that is continually developing new sections for publication as publicly available documents.
IPMVP provides a framework and definitions that can help practitioners develop M&V plans for their projects to verify energy savings. It includes guidance on best practice for determining savings from efficiency, water conservation, and renewable energy projects. Typical M&V activities fall into four areas:
Prepare a site-specific M&V Plan Define the pre-installation conditions that influence the baseline energy consumption Define post-installation conditions that influence post-installation energy consumption Conduct M&V activities to verify operation and achieved energy savings To quantify energy savings, one or more of the following M&V techniques may be used: inspections, engineering methods, metering, statistical analyses, and computer simulation of system performance. Often M&V involves integration of several of these techniques.
The IPMVP is probably best known for defining four M&V Options for completing M&V activities. These Options (A, B, C and D) differentiate the four most common approaches for M&V. Table 1 describes the four IPMVP Options including the measurement requirements and the basis of savings calculations for each of them. 3 MWh equivalent is based on EPA default value of 0.0015 pounds of NOx/kWh; 2,000 pounds per ton, 1,000 kWh per MWh; and MW equivalent is based on a 60% load factor for the five ozone season months. 
Option CWhole Facility
Based on long-term whole-building utility meter, facility level, or submeter data.
Based on regression analysis of utility meter data.
Option DCalibrated Simulation
Computer simulation inputs may be based on several of the following: engineering estimates, spot-, short-term, or long-term measurements of system components, and long-term wholebuilding utility meter data.
Based on computer simulation model calibrated with whole-building and/or end-use data. These documents are often referenced for M&V planning as they provide general guidance on industryaccepted M&V techniques. However, the IPMVP volumes are not compliance documents. Simply requiring parties to comply with the IPMVP is insufficient for defining how the actual M&V will be conducted or the level of rigor and uncertainty expected of the analyses.
IPMVP Renewables M&V Guidelines
In the IPMVP Volume III renewables chapter [8] , there are two general approaches defined for calculating electricity savings:
Direct Measurement. This approach assumes that the electricity produced by the renewable system displaces energy that would have been provided by an emission source, e.g. a power plant. With this one-for-one replacement approach, all one has to do is measure the net amount of energy produced by the renewable system. This approach is most common with photovoltaic, wind, and biomass energy production projects. Net-Energy Use Calculation. With this approach energy used at the project site is compared with a baseline to determine the savings associated with the renewable energy project. With the use of a baseline there are four methods for calculating savings:
Comparison with a Control Group. Metered electricity consumption with the system installed is compared with metered electricity consumption associated with a control group. The control group is used as the baseline.
Before and After Comparison. Metered electricity consumption with the system installed is compared against metered electricity consumption measured before installation. The pre-installation situation is the baseline, which requires that energy-use data be collected prior to system installation.
On and Off Comparison. Metered electricity consumption under identical loads is compared with the system "on" and with the system "off." The system "off" is the baseline.
Calculated Reference Method. Metered electricity consumption with the system installed is compared against engineering calculations used to characterize baseline consumption. This approach is necessary if no baseline data were available. Its weakness is using two different analysis methods (engineering estimates and metered data) to determine savings. Table 2 indicates how each IPMVP Option relates to the "direct" and "net energy use calculation" M&V approaches. 
Emissions Calculations From Energy Savings
Emission reductions from energy efficiency and renewable energy projects are most commonly associated with reduced electricity production at an electric generating unit (EGU). The reductions are calculated as the emissions that are eliminated with the reduction in electricity production at the EGU. The reduction in electricity production is determined through the measurement and verification (M&V) process. The electricity savings are converted to emission reductions through the use of emissions factors (e.g., pounds of NOx per kWh of production) that are applicable to the EGU(s) that would have provided the displaced electricity.
Actual emission reductions depend on which EGU(s) the electricity is displaced from and the emissions rate from these, one or more, power plants. Which EGUs provide the displaced electricity can vary from day to day and even hour to hour. In addition, the emissions profile of the supplying power plants can vary on a daily or even hourly basis as the operating modes and fuel sources possibly change. However, as a typical simplification for most trading programs, the power plant source and emission factors are reduced to a single value. The source of such factors is typically a grid model that establishes which EGUs serve various locations at various times of the year. Several grid models are available through the EPA [9, 10] .
DOCUMENTATION AND VERIFICATION APPLICATION: EFFICIENCY AND RENEWABLES SET ASIDE PROGRAM
For the EPA NOx Set-Aside Program an overall evaluation process for determining energy savings and related NOx emission allowances has been drafted [12] . This was done to address unique program requirements as well as the fact that most protocols, including IPMVP, provide M&V options but not necessarily preferred or recommended approaches appropriate to a given program. The recommended evaluation process consists of: (a) confirming that the projects and/or program meets the basic requirements of the Set-Aside Program, (b) calculating electricity savings, and (c) converting these savings to NOx emission reduction values. In addition each state may have a persistence analysis process to ensure that the savings continue through the term of the allowance allocation. Figure 1 summarizes the evaluation process for the Set-Aside Program.
Figure 1: Evaluation Process for NOx Set-Aside Program
Step 1. Confirm eligibility and compliance with Program
Step 2A. Review and modify, as required, existing emissions savings M&V analyses
Step 2B. Develop M&V analyses used to determine emissions savings
Step 3. Apply net to gross factors, e.g. baseline adjustment to obtain net emissions savings
Step 4. Documentation, Certification, Reporting, and Annual Persistence Review (as required)
Yes No Existing M&V Documentation Available
Confirming that the projects or programs meet the basic Program requirements is completed through a checklist process. Calculating electricity savings is done through either (a) review of M&V activities that have been completed as part of a project or program implementation or (b) new M&V activities completed specifically for determining Set-Aside Program emission reductions. If an existing M&V analysis is used, then an independent review of the documentation using a Quality Assurance Guideline, as discussed below, may be employed as well as the possible use of discount factors to reduce the risk of electricity savings uncertainty.
Of particular concern is whether the baseline conditions assumed for the savings calculation are consistent with the NOx Sip Call Program baseline, or business as usual, requirements. A proper baseline definition is needed in order to ensure that the NOx reductions are in addition to what would have occurred in the absence of the subject project or program. In addition, if the electricity savings are calculated at a site level, which is common, the state may wish to add a transmission/distribution loss factor.
Calculating NOx emission reduction associated with electricity savings is done using either a fixed value of NOx emissions per kWh or an electricity grid model. The grid models referenced before [9, 10] can be used for the Set-Aside Program. Persistence is typically evaluated through annual inspections or reviews of electricity consumption (energy efficiency projects) or production (renewable energy projects) records of all projects, or perhaps just a sample of the projects in a program. The following are examples of allowance calculations for an energy efficiency program and a renewable energy project:
Efficiency Project Example. A utility has a program that pays incentives for energy efficient lighting in new construction projects built by its customers. The utility reports that it has calculated savings during the ozone season of 2,190 MWh and has requested NOx Set-Aside Program allowances. The utility program meets the criteria of the Set Aside Program since although the utility has generating units, the lighting projects are for its customers. The 2,190 MWh savings value needs to be reduced though, because it was calculated with the assumption of baseline lighting that is less efficient than current state code requirements. The state code requirements were considered when EPA made the statewide NOx allocation. In addition, the savings reported by the utility were audited by the state utility commission and were found to over estimate savings by 10%. Combined, the audit and baseline corrections reduce the savings value to 1,750 MWh. These savings are calculated on a site level and can be increased, in this example by 5%, to account for transmission and distribution losses, bringing the net savings eligible for allowances to 1,837 MWh or 1,837,000 kWh. Using the EPA's default value of 0.0015 pounds of NOx per kWh results in 1.38 annual tons of NOx emissions being calculated for the utility's program, which is equivalent to one NOx allowance.
Renewables Project Example. A private developer installs a wind turbine farm. She reports that metering indicates that the wind farm generated 3,500 MWh of electricity during the ozone season. The project is eligible for the Set Aside Program and because the turbines do not use fuel, there is no baseline consumption and the generated output is the savings. An audit by an independent consultant indicates that the metering reports for several of the individual wind turbines were incomplete and spot testing of some electricity meters indicates accuracy problems as high as 5%. Therefore, the consultant suggested discounting the reported savings by 12%. The net savings eligible for allowances are therefore calculated as 3,080 MWh or 3,080,000 kWh. Using EPA's EGRID electricity and emissions model indicates that the appropriate emission factor, for where the wind turbines are located, is 0.002 pounds of NOx per kWh. Thus, 3.08 annual tons of NOx emissions reductions can be attributed to the developer's wind turbine program, or three NOx allowances.
RECOMMENDATIONS FOR DETERMINING EMISSION REDUCTIONS
When quantifying energy savings and verifying emissions reductions from efficiency and renewable projects, the following are recommendations for improving credibility and managing analysis costs.
Program versus project evaluation
A project is a single activity at one location -such as an energy efficient lighting retrofit in an office building or a photovoltaic system installation at a factory. A program is a group of projects, with similar characteristics that are installed in similar applications -such as a utility program for installing energy efficient lighting in commercial buildings, a developer's program to build a subdivision of homes that have photovoltaic systems, or a state residential energy efficiency code program. The techniques for determining savings from a single project or group of projects with similar characteristics (a program) are quite similar, with one exception. That exception is that with projects, each project is evaluated, but with programs, a sample of projects is selected for evaluation and the results applied to the entire program "population". The end result is that program evaluation, on a per project or ton of NOx basis, tends to be much more cost-effective than project-by-project analyses. Thus, with respect to documentation and verification, it is more cost-effective to encourage programs or large aggregations of similar projects to participate in allowance trading programs. However, none of the standardized protocols [5, 6, 7, 8] , as they stand right now, can be used for an emissions reduction program evaluation.
Additionality.
Additionality is the term used in the emission mitigation industry for the key question of how can one know that a project will produce reductions in emissions that are additional to any that would have occurred in the absence of the certified project activity. Energy savings/emission reductions are calculated as the difference between baseline and completed project energy savings/emissions. This raises the issue of defining "baseline" or "business-as usual" conditions. As the baseline is a "what-if," it cannot be directly measured and must be implied from available information..
Having consistent and simple baseline standards is an important part of a successful emissions trading program. Baseline definitions will consist of either: (a) existing conditions (e.g., the electricity consumption of the inefficient system being replaced), (b) code requirements (e.g., appliance standards), or (c) baseline levels of activity included in planning scenarios or mandates, e.g., a pre-existing statewide renewable energy portfolio mandate.
Uncertainty, Error and Risk.
The terms uncertainty and error are not interchangeable. Error is applicable when the "exact" value is known, while uncertainty is applicable when no such knowledge is available. Error calculations in savings estimates are possible with most electricity producing renewable energy projects since the electricity savings are equal to the output of the project (i.e. the baseline is zero). For example, the electricity savings from a photovoltaic system are equal to the output of the system and output of the system can be directly measured.
However, with energy efficiency projects the electricity savings cannot be measured, as the savings are equal to baseline electricity consumption less the consumption associated with the new project -and baseline consumption is a hypothetical value, which cannot be directly measured. Thus, uncertainty is the more relevant term to use for energy efficiency savings calculations.
The implication for emissions allowance calculations is that with energy efficiency projects there will be a level of uncertainty that should be considered in allocating allowances. What is an acceptable level of uncertainty is often a subjective judgment based on the value of the allowances and the risk to the trading program associated with over-or underestimated savings. At best, the uncertainty can be defined to be within certain confidence limits. The confidence limits can then be used to discount, if applicable, the allowances from an energy efficiency project. The optimum level of M&V varies by project and program and is that which finds the proper balance between uncertainty and cost -too much of either can result in an unsuccessful trading program.
Using Quality Assurance Guidelines Versus Project Specific M&V Requirements.
Measurement and verification is both an art and a science. Standardized M&V protocols, such as the IPMVP, FEMP M&V Guidelines, and ASHRAE Guideline 14, focus on critical elements of M&V. However, by their nature and the numerous variations in actual projects that are possible, they tend to provide minimal details and are in many cases quite general. Requiring compliance or adherence with these guidelines is no guarantee that a M&V report will be complete or accurate.
Thus, instead of defining requirements for M&V documentation, some elements of the energy industry have developed Quality Assurance Guidelines (QAG) [12, 13] . Adherence to such quality assurance guidelines still allows the M&V methods employed to be shaped by the specific circumstances of the projects/programs, the uncertainty of the savings estimates, and the value of the allowances. A QAG covers key issues associated with different data collection and analysis methods and requires applicants for allowances to describe how certain key issues were addressed rather than defining prescriptive requirements. In some cases, a QAG can also refer to the standardized M&V approaches outlined for guidance and issues that must be addressed.
Once the M&V documentation is reviewed the results (allowance calculations) can be:
Used "as is" for determining allowances that will be credited to the subject project or program Revised to provide a new value for the allowances that will be credited to the project or program Discounted, for example, by 20%, based on general or specific concerns about the accuracy of the emission reductions values provided.
Rejected
Both the prescriptive and QAG approaches rely on common standards that any documentation and verification activities should achieve: relevance, completeness, transparency, consistency, accuracy, and conservativeness. However, since some form of savings documentation will often be prepared as part of a project or program implementation, if this documentation is usable, it can be more cost effective for all involved to evaluate this documentation versus require a totally new documentation and verification effort for the sole purpose of defining allowances.
CONCLUSIONS
Allowance trading programs provide an opportunity for renewable and energy efficiency projects and programs to recognize their emission reduction benefits. This can add to the direct economic and indirect sales "sizzle" value of these projects and help justify their increased implementation. The use of documentation and verification (evaluation) guidelines and/or quality assurance guidelines will help ensure the integrity of the emissions savings calculations.
When designing and implementing an emissions trading program, the challenge associated with evaluation is balancing the cost, effort and rigor of various approaches with the value of the information generated by the efforts. Most of the value of information is tied to the value of allowances and overall program integrity. Thus, the documentation and verification processes are about risk management. Low-risk projects require less effort to document and verify; high-risk projects require more effort. In high-risk projects, how much risk is acceptable is largely dependent on the number and value of the allowances, other benefits of promoting efficiency and renewable activities, and the resources available to trading system sponsors and project promoters. Two mechanisms for reducing the costs associated with documentation and verification are: (a) program level aggregation of individual project emission allowances and the use of Quality Assurance Guidelines that should be used in conjunction with the standardized documentation and verification approaches.
